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Description 


HEAD RESTRAINT EVALUATOR 

Field of the Invention 

[0001] The present invention pertains generally to a vehicle com- 
ponent test device and more particularly to a test assem- 
bly for evaluating vehicle head restraints. 
Background of the Invention 

[0002] The automotive industry continually strives to provide safe 
automobiles and so incorporate a number of safety re- 
straint components in a vehicle that reduce the likelihood 
of injury in the case of a collision. One such safety re- 
straint component is a head restraint. Such head restraints 
may be active or passive. It is known in the industry to 
provide a head restraint generally positioned on the back 
of the seat occupied by a driver or passenger so that in 
the event of a collision, such as a rear-impact collision, 
that tends to throw the head in the rearward direction, the 
head restraint will support the occupant"s head and limit 
head motion so as to reduce the likelihood of serious in- 


jury. 

[0003] Motor vehicle components must comply with minimum 

safety requirements mandated by the federal government 
or comply with OEM specifications that go beyond the 
federally mandated requirements. Commonly, the specifi- 
cations are pursuant to required testing procedures. One 
such testing procedure is directed toward vehicle seat as- 
semblies, including head restraints. Such vehicle seat as- 
semblies are typically tested in a traditional sled test. In 
the traditional sled test, the entire seat assembly is se- 
curely mounted to the sled and a manikin, having at least 
a torso and head and neck assembly, is positioned in the 
seat cushion. The sled is then moved along a rail system 
in a controllable manner. The sled is typically capable of 
accelerating and/or decelerating motion that causes the 
manikin assembly to contact and/or penetrate portions of 
the seat assembly. The dynamic response of the manikin 
and manikin/seat assembly interactions are monitored 
and the data used to determine the performance and ef- 
fectiveness of the overall seat assembly. A vehicle head 
restraint is typically evaluated during the testing of the 
overall seat assembly. 

[0004] During the developmental stages of vehicle component 


design, several different designs may be proposed. For in- 
stance, it is not uncommon that several different head re- 
straint design concepts may be proposed during the de- 
velopment of a vehicle seat assembly. The proposed head 
restraint design concepts must then be evaluated or 
tested to determine the viability of each design and even- 
tually which head restraint design concept will be used for 
vehicle seat assembly production. As it currently stands, 
in order to test each proposed head restraint design con- 
cept, a seat assembly incorporating the proposed head 
restraint is tested using the traditional sled test as previ- 
ously described. Evaluating several proposed head re- 
straint design concepts using a sled test on the overall 
seat assembly is a costly and time consuming methodol- 
ogy. 

[0005] There is thus a need for an apparatus and method that 
can be used during the developmental stages of vehicle 
component design to evaluate several proposed head re- 
straint design concepts in a more cost effective and time 
efficient manner. 
Summary of Invention 

[0006] The present invention provides a test assembly for evalu- 
ating head restraint design concepts without the need of 


performing a sled test on the overall seat assembly. The 
test assembly comprises a carriage adapted to be coupled 
to a drive member capable of moving the test assembly, a 
head restraint coupled to the carriage and a manikin as- 
sembly comprising a head portion and a neck portion 
having an upper and lower end. The head portion is cou- 
pled to the upper end of the neck portion and the manikin 
assembly is coupled to the carriage at the lower end of the 
neck portion. The head restraint is positioned adjacent the 
manikin assembly so that movement of the drive member 
causes the head portion of the manikin assembly to con- 
tact the head restraint. The manikin assembly may further 
include load cells for measuring the forces acting on the 
manikin assembly and accelerometers for measuring the 
acceleration/ deceleration of the manikin assembly. 
[0007] | n one embodiment, the drive member comprises a pen- 
dulum having an end pivotally coupled to a frame struc- 
ture and capable of swinging movement about that end 
and a decelerator having at least one damper configured 
to engage the pendulum so as to decelerate the swinging 
movement of the pendulum. In use, the test assembly, 
having the head restraint and manikin assembly mounted 
thereto, is mounted to the pendulum. The pendulum is 


then moved to a raised position and released. During the 
swinging movement of the pendulum, the pendulum en- 
gages at least one damper near the bottom of its swing, 
which causes the pendulum to decelerate. The decelera- 
tion in turn causes the head and neck portion of the 
manikin assembly to abruptly move in the rearward direc- 
tion so that the head portion contacts the head restraint. 
Dynamic data, such as the imposed forces and accelera- 
tions/decelerations of the manikin assembly, may be col- 
lected and evaluated to determine the effectiveness of a 
particular head restraint design concept. 
[0008] The features and objectives of the present invention will 
become more readily apparent from the following Detailed 
Description taken in conjunction with the accompanying 
drawings. 
Brief Description of Drawings 

[0009] The accompanying drawings, which are incorporated in 
and constitute a part of this specification, illustrate an 
embodiment of the invention and, together with a general 
description of the invention given above, and the detailed 
description given below, serve to explain the invention. 

[0010] pig. 1 is a side elevation view of a test assembly according 
to the invention including a head restraint and a manikin 


assembly; 

[001 1] pig. 2 is a perspective view of a pendulum tester having 
the test assembly of Fig. 1 mounted thereto; 

[0012] pig. 3 is a side elevation view of the pendulum tester of 
Fig. 2 with the pendulum in a raised position; and 

[0013] Fig. 4 is a side elevation view of the pendulum tester of 
Fig. 3 showing the manikin assembly contacting the head 
restraint due to the deceleration of the pendulum. 
Detailed Description 

[0014] with reference to Fig. 1, there is shown a test assembly 10 
of the present invention for evaluating head restraint de- 
sign concepts. Test assembly 10 comprises a carriage 12, 
a head restraint 14 coupled to carriage 12 and a manikin 
assembly 16 also coupled to carriage 12 adjacent head 
restraint 14. Carriage 12 comprises a generally rectangu- 
lar plate having a top surface 18. A head restraint mount- 
ing bracket 20 is coupled to carriage 12 along top surface 
18 by means known but not shown. A vehicle head re- 
straint 14 is then coupled to mounting bracket 20. 
Mounting bracket 20 may be adjustably positioned on 
carriage 12. For example, head restraint 14 may be move- 
able in a direction generally parallel to carriage 12 so as 
to move head restraint 14 toward and away from a head 


portion 22 of manikin assembly 16, as shown by arrow 
17. As shown by arrow 19, head restraint 14 may be fur- 
ther moveable in a direction generally perpendicular to 
carriage 12 so as to adjust the height of the head restraint 
14 relative to head portion 22. Head restraint 14 may also 
be pivotally coupled to carriage 12, so as to be angularly 
adjustable as shown by arrow 21, or coupled in other 
manners depending on the application needs. Manikin as- 
sembly 16 is coupled to carriage 12 along top surface 18 
by means known but not shown. Manikin assembly 16 
comprises head portion 22 coupled to a neck portion 24 
at an upper end 23 of neck portion 24. Manikin assembly 
16 is coupled to carriage 12 along a lower end 25 of neck 
portion 24. Head and neck portions 22, 24 are configured 
to simulate the kinematic response of the human head 
and neck to motion, such as for example accelerating 
and/or decelerating motions. As used herein, the term 
manikin assembly is not to be limited to mechanical de- 
vices that simulate the human head and neck, but is broad 
enough to encompass cadaver head and neck portions. By 
way of example, federally regulated anthropomorphic test 
device (ATD) components, such as the Hybrid III head and 
neck assemblies may be used in the invention. Moreover, 


adult ATD components as well as child ATD components 
may be used. It should be noted, however, that the inven- 
tion is not so limited and any head/neck ATD components 
may be used in the invention. 
[0015] jo determine the dynamic interacting response of manikin 
assembly 16 with head restraint 14, manikin assembly 16 
may further comprise an upper neck load cell 26 adjacent 
the upper end 23 of neck assembly 24 and a lower neck 
load cell 28 adjacent the lower end 25 of neck assembly 
24. The upper and lower neck load cells 26, 28 are 
adapted to measure the rearward and forward shear 
forces, the tensile and compressive forces and the flexion 
and extension moments acting on the manikin assembly 
16 at load cells 26, 28. Furthermore, manikin assembly 16 
may further include accelerometers 30, 32 positioned ad- 
jacent the upper end 23 and lower end 25 of neck assem- 
bly 24 respectively. Accelerometer 30 is preferably placed 
at the center of gravity of head portion 22. Accelerome- 
ters 30, 32 are adapted to measure the acceleration and/ 
or deceleration of the manikin assembly 16 at accelerom- 
eters 30, 32. An accelerometer 34 may further be posi- 
tioned on carriage 12 to measure the acceleration and/or 
deceleration of test carriage 12. 


[0016] jo use the test assembly of the present invention to eval- 
uate a particular head restraint design concept, test as- 
sembly 10 can be mounted to a drive member that is ca- 
pable of moving the test assembly. When the drive mem- 
ber is moved, the manikin assembly 16 responds through 
a corresponding movement of the head and neck portions 
22, 24. The motion of the drive surface causes the head 
portion 22 to contact head restraint 14. The dynamic data, 
such as that measured by the load cells 26, 28 and ac- 
celerometers 30, 32, 34 can be used in evaluating the 
performance and effectiveness of a particular head re- 
straint design concept. 

[0017] As shown in Fig. 2, one embodiment of the present inven- 
tion has test assembly 10 mounted to a pendulum-type 
tester 38. Pendulum tester 38 includes a frame structure 
40 supported on top of a base 42. A pendulum 44 is piv- 
otally connected to frame structure 40 by parallel support 
arms 43, 45. In this way, pendulum 44 is capable of 
swinging movement between a raised position and a bot- 
tom position. Pendulum tester 38 further includes a de- 
celerator 46 located at the bottom position for engaging 
the pendulum 44 and decelerating the swinging move- 
ment of pendulum 44. 


[0018] Pendulum 44 comprises a generally planar rectangular 
surface 48 to which test assembly 10, having the vehicle 
head restraint 14 and manikin assembly 16 mounted 
thereto, is coupled by means known but not shown. Sup- 
port arms 43, 45 have one end pivotally connected to 
pendulum 44 and the other end pivotally connected to 
frame structure 40 at pivot joints 50, 52 so that pendulum 
44 is capable of swinging movement between a raised po- 
sition and a bottom position. A decelerator 46 is posi- 
tioned at the bottom position of the pendulum 44 and 
supported on base 42. Decelerator 46 comprises a pair of 
hydraulic dampers 54 for engaging bracket 56, which ex- 
tends downwardly from the bottom portion 58 of pendu- 
lum 44. As will be recognized by those having skill in the 
art, other types of dampers may be used in the invention, 
such as, adjustable/ non-adjustable pneumatic dampers 
or energy absorbing materials or structures. As pendulum 
44 swings toward the bottom position, bracket 56 en- 
gages hydraulic dampers 54 to decelerate the swinging 
movement of pendulum 44 thereby causing the head por- 
tion 22 of manikin assembly 16 to contact head restraint 
14. By using different hydraulic dampers 54, the decelera- 
tion rate of pendulum 44 may be controlled. 


[0019] Accordingly, and as illustrated in Figs. 3 and 4, in order to 
test a particular individual vehicle head restraint using the 
present invention, the head restraint 14 is mounted in 
mounting bracket 20, which is coupled to carriage 12. The 
manikin assembly 16 is then mounted to carriage 12 and 
carriage 12 is then mounted to pendulum 44. A lift as- 
sembly comprising a lift cable 60, winch 62 and pulleys 
64 is actuated to raise or swing pendulum 44 to a raised 
position, as shown in Fig. 3. The raised position of the 
pendulum 44 may be selectively adjusted for controlling 
the velocity of the test assembly 10. Lift cable 60 is re- 
leasably attached to an end portion 66 of pendulum 44 
and is released to allow swinging movement of the pen- 
dulum 44 toward the bottom position. Just prior to reach- 
ing the bottom position, the bracket 56 engages against 
dampers 54 thereby decelerating the swinging movement 
of the pendulum 44. As shown in Fig. 4, this deceleration 
then causes head and neck portions 22, 24 to move 
abruptly in the rearward direction so that head portion 22 
contacts head restraint 14. Data, such as the force data 
and the acceleration/deceleration data taken by load cells 
26, 28 and accelerometers 30, 32, 34 may be gathered. 
This data can then be used to evaluate the performance 


and effectiveness of a particular head restraint design. 
[0020] it is to be understood that the pendulum tester 38, as 
herein described, represents but one embodiment of a 
drive member that may be used in the present invention. 
Those having skill in the pertinent art will recognize any 
number of other driven members that may be utilized in 
accord with the present invention including, but not lim- 
ited to, an acceleration sled, a deceleration sled or even 
something as simple as a vertical rail system having grav- 
ity-driven motion. It should further be realized that al- 
though decelerating motion is used in the described em- 
bodiment shown in Figs. 2-4, the present invention is not 
so limited and drive members capable of accelerating mo- 
tions may also be used. The present invention advanta- 
geously provides an apparatus and method for evaluating 
vehicle head restraints under dynamic conditions without 
the need for performing a test on the overall seat assem- 
bly. 

[0021] | t j S contemplated that the apparatus and method of the 
present invention is not a substitute for the traditional 
sled test, as the sled test is the industry standard and is 
usually specifically mandated by federal regulations or 
OEM requirements. Instead, it is contemplated that the 


apparatus and method of the present invention may be 
used as a preliminary test to determine the likely response 
of a particular head restraint design concept during a tra- 
ditional sled test of the overall seat assembly. With this in 
mind, and so that a comparison of the data between a test 
using the present invention and that of the traditional sled 
test correlate, some of the physical and dynamic parame- 
ters of a test using the present invention are determined 
by the values generally observed in the sled test. For in- 
stance, the distance between the manikin assembly 16 
and the head restraint 14 on carriage 12 is approximately 
the same as that used for the sled test. Moreover, the 
pendulum height and damper resistance are adjusted so 
that the Tl (base of neck) velocity and acceleration/decel- 
eration measured during a test using the present inven- 
tion is approximately the same as the Tl velocity and ac- 
celeration/deceleration observed in the sled test. By 
matching some of the physical and dynamic parameters, 
the present invention produces results that correlate to 
the results for the head restraint during the sled test of 
the overall seat assembly. It will be appreciated that other 
types of test procedures and evaluations may be accom- 
plished with an apparatus of the present invention. For 


example high speed video may be used in conjunction 
with conventional photo targets on the carriage 12, head 
restraint 14, and head portion 22. The photo target on the 
carriage would be used for reference purposes to deter- 
mine the movement of head restraint 14 and head portion 
22. Also, to determine rotational movement of head por- 
tion 22, one photo target would be placed at its center of 
gravity and another, for example, on the chin area. Using 
the present invention, a number of head restraint design 
concepts may be evaluated without the need for testing 
the overall seat assembly. Typically, after tests using the 
present invention identify the best performers among the 
proposed design concepts will a sled test evaluating the 
overall seat assembly be performed. This results in sub- 
stantial cost savings and time reduction. 
[0022] while the present invention has been illustrated by the 

description of a particular embodiment thereof, and while 
the embodiment has been described in considerable de- 
tail, it is not intended to restrict or in any way limit the 
scope of the appended claims to such detail. Additional 
advantages and modifications will readily appear to those 
skilled in the art. The invention in its broader aspects is 
therefore not limited to the specific details, representative 


apparatus and methods and illustrative examples shown 
and described. Accordingly, departures may be made from 
such details without departing from the scope or spirit of 
Applicant's general inventive concept. 
[0023] WHAT IS CLAIMED IS: 


